. 5 See, e.g., Suzi Kerr & Richard Newell, Policy-Induced Technology Adoption: Evidence from the U.S. Lead Phasedown, 51 J. INDUS. ECON. 317, 320 (2003) ("We find that increased stringency . . . encouraged greater adoption of lead reducing technology"). 2 theory many academics mention most often, I will argue, focuses too much attention on the incentives trading creates for sellers of credits and pays too little attention to the incentives created for buyers. It also relies upon a skewed picture of traditional regulation created by academic lawyers. In light of these problems with the basis for the trading encouraging innovation argument, it is not surprising that some economists have recently questioned the premise that emissions trading always provides superior incentives for innovation. 4 The empirical case, I will argue, is much more difficult than generally assumed. The choice between authorizing and not authorizing trading is not the only variable in a regulation that influences innovation. Decisions about the form and stringency of limits are also important. 5 It is difficult to tell whether innovation observed in conjunction with a trading program would have occurred with a performance standard providing identical emission limits, but not authorizing trading. The empirical literature has not always rigorously considered counterfactuals in assessing trading program's capacity to encourage innovation. I limit these claims to "grandfathered" trading programs in which allowances are given away rather than sold. Whether or not polluters can trade allowances, a requirement that all polluters purchase allowances for each ton of pollution can create incentives to innovate and reduce pollution. This chapter, however, focuses on emissions trading programs that give away limited allowances for free, and then authorize trades to redistribute them. I choose this approach because all existing United States pollution trading programs give away, rather than sell, the overwhelming majority of allowances, and because this focus sharpens analysis of trading's effect on innovation.
The first part of this chapter will establish some background concepts. It will define innovation, explain its value, and establish an analytical framework that will inform the rest of the chapter This analytical framework posits that to compare a trading program to a traditional regulation, we need to compare programs with identical underlying emission limits. More widespread use of this framework will improve the rigor of both theoretical and empirical analysis. 6 See, e.g., Adam B. Jaffe et al., Technological Change and the Environment, in THE HANDBOOK OF ENVIRONMENTAL ECONOMICS 464-65 (Jeffrey Vincent ed., 2003) . 3
The next two parts defend the theoretical and then the empirical claims. The fourth part explains the analysis' implications. I argue that we need to consider more imaginative use of economic incentives with an explicit goal of encouraging innovation, rather than short-term efficiency. I also spell out a research agenda suggested by the analytical framework and subsequent analysis.
I. Innovation and Trading: A Framework

A. Defining Innovation
Most of the literature claiming that emissions trading fosters innovation does not define innovation. Economists frequently define innovation as the commercialization of an invention. 6 They distinguish this from diffusion -the adoption of a successful innovation by firms or individuals.
This definition of innovation as commercialization separate from invention jibes less well with common understandings of what innovation connotes in the environmental area than it does in the production of goods. For most people, innovation involves some non-obvious change. But a definition of innovation as commercialization might accept uses of very well understood, but not yet widely deployed, pollution reducing technique as "innovation." If this were the case, then a lot of command-and-control regulation would be seen as innovation inducing, because it has frequently spurred use of well understood, but little used, technological options. But the policy literature usually treats adoption of techniques well understood by regulators or polluting firms as diffusion, not innovation.
For this reason, I define innovation as involving both the invention and use of something new. Newness, however, means something more than "it has not been done" before by a particular company or even industry. A company with no environmental controls may adopt standard, well-established techniques used in the past by their competitors or by another industry. This normally involves technological diffusion, not technological innovation.
Innovation implies a non-obvious departure from prior practice, to borrow a concept found in patent law. Innovation in this sense advances the state of the art. As we shall see, innovation defined in this manner has special value. I will refer to this as the "Newness" definition. This definition implies that a regulatory program induces innovation when a polluter or vendor develops a new technique in response to that program and then a polluter uses the technique to reduce pollution, but does not generally accept diffusion of techniques invented before the program's onset as innovations.
A second concept will also prove useful here, that of Radical Innovation. Radical Innovation in the environmental area addresses multiple pollution problems simultaneously and changes fundamental technologies at the base of the economy, not just end-of-the-pipe controls. 7 See id. at 467 (finding it difficult to distinguish innovation from diffusion using a "commercialization" definition).
DAVID M. DRIESEN, THE ECONOMIC DYNAMICS OF ENVIRONMENTAL LAW 78-80 (MIT Press 2003).
9 For a definition of environmental innovation, see id. at 77-78. Cf. Richard B. , Regulation, Innovation, and Administrative Law: A Conceptual Framework, 69 CAL. L. REV. 1256 , 1279 (1981 (distinguishing between market and social innovation). 10 David M. Driesen, Sustainable Development and Air Quality: The Need to Replace Basic Technologies with Cleaner Alternatives, 32 ELR 10277, 10280, 10284 (Mar. 2002) (detailing contributions to air pollution from vehicles and power plants and the persistence of outmoded technologies); ENVIRONMENTAL LAW INSTITUTE (ELI), CLEANER POWER: THE BENEFITS AND COSTS OF MOVING FROM COAL GENERATION TO MODERN POWER TECHNOLOGIES (2001) . 4
Examples might include switches from fossil fuels to renewable energy and from pesticide-based agriculture to organic agriculture or genetically modified crops.
The need to distinguish innovation from diffusion to analyze instrument choice's influence upon innovation makes empirical research difficult no matter what definition is employed. 7 The Newness Definition implies a need to assess the novelty of a technological changes. This chapter's references to innovation will apply the "Newness" definition unless otherwise stated. It will assume that "Radical Innovation" is a subset of innovations found under the "Newness" rubric.
B. The Importance of Innovation
Innovation can perform one of two basic functions. It can lower the cost of a product or increase its quality. 8 Computers with word processing programs, for example, cost much more than pen and paper or a typewriter, but offer a much higher quality writing aid, making revision relatively easy.
So too with environmental innovation.
9 Innovation can reduce the cost of pollution control or make it possible to perform basic economic functions with less pollution than existing approaches. In other words, environmental innovation can either offer qualitatively better environmental results or reduce the cost of achieving a particular result.
In The Economic Dynamics of Environmental Law (MIT Press 2003), I argue that this former "qualitative" function has immense importance. We suffer from continued air pollution problems and worsening climate change largely because we remain addicted to very old basic technologies such as coal-fired power plants and gasoline-burning car engines. 10 Pollution from cars and power plants bears a major portion of the responsibility for tens of thousands of annual deaths from air pollution, millions of cases of asthma, cancer risks, reproductive toxicity risk, widespread destruction of ecosystems, and global climate change (which may produce rising seas, a spread of infectious diseases, eco-system harms, and, in places, drought and starvation).
Because of this we may need "Radical Innovation" to address these problems comprehensively in the economically dynamic world we live in--a dynamic world of growing population, increased consumption, and fierce lobbying fueled by the proceeds of increased consumption. This economic dynamic tends to make environmental problems grow over time. This dynamic almost always undermines some of the progress environmental regulation would otherwise bring about, and, at times, leads to absolute declines in environmental quality.
Technological innovation generally (not just radical innovation) also performs an important political function--making progress possible where it otherwise could not occur.
11 The climate change regime, for example, assumes that the richer countries will develop and share the technologies that will make it possible for relatively poor countries to enjoy a good quality of life and contribute to efforts to address climate change. Absent this sort of developed country leadership, developed countries may have great difficulty persuading tomorrow's greatest greenhouse gas emitters, such as China and India, to reduce emissions to tolerable levels.
We need to reframe the environmental policy debate around the question of addressing the economic dynamics of environmental law. This involves, among other things, asking how we can design environmental law that stimulates environmental innovation as effectively as we currently stimulate material innovation (some of which is environmentally destructive). In any case, environmental policy analysts generally agree upon the desirability of stimulating technological innovation to improve the environment.
12 But the emphasis upon "dynamic efficiency" in the trading literature tends to emphasize the cost saving advantages of innovation, while drawing attention away from the "qualitative" advantages.
Emissions trading has been widely implemented.
13 Hence, the question of whether it encourages innovation matters a great deal.
14 The economics literature sometimes uses the term "emissions standard" to refer to a rate-based standard and the term "performance standard" to refer to a mass-based standard. See Bruneau, supra note 4 at 1193 n. 1. The Clean Air Act, however, defines both these terms much more broadly. See 42 U.S.C. § 7602(k) (defining an "emission standard" as any standard that limits air pollution, including both numerical standards and instructions about what techniques to use); 42 U.S.C. § § 7411(h), 7602(l) (defining a performance standard as either a rate-based or 6
C.
An Analytical Framework for Comparing Trading and Non-Trading Programs
When not analyzing emissions trading, economists commonly employ the "induced innovation hypothesis" -an assumption that high cost will tend to encourage innovation. This hypothesis would suggest that more stringent regulation would induce more innovation than less stringent regulation. Stringent regulation (with or without trading) raises the cost of routine compliance and creates an incentive to innovate in order to escape the high cost.
This observation has implications for the analysis of emissions trading programs, because all trading programs involve government decisions about stringency. While policy-makers sometimes act as if trading programs offer an alternative to regulation, experts in the area understand that trading is a variant upon an ordinary performance standard. To establish a trading program, government officials must establish a set of performance standards for regulated pollution sources, just as they would if they were establishing a traditional regulation. When a regulator permits a regulated polluter to forego local compliance with the performance standard if she purchases equivalent reductions from elsewhere, she has created a trading program. The trading program still contains pollution limits reflecting a policy choice about the amount of reductions to demand, but it introduces flexibility about the location of the reductions.
Since stringency decisions can influence the amount of innovation, isolating the effect of permission to trade on innovation requires comparison of programs with equivalent stringency. Let's assume that one state demands a 70% reduction from power plants through an emissions trading program and another demands a 50% reduction from power plants through a set of source specific performance standards. Assume that the power plants were identical in all respects prior to regulation and that the emissions trading program induced more innovation than the performance standard program. One could not assume that the trading produced the innovation. One would have to at least consider the possibility that the difference in stringency accounted for the difference in innovation rates.
Another important variable involves the form of standards. The acid rain program trading program, the phase out of ozone depleting chemicals (which I treat as a traditional regulation, because nobody seems to have used the trading provisions), and the most recent new source performance standard for power plants (which do not allow trading) feature mass-based limits. Most emissions trading programs (e.g. the open market trading programs in the states, the bubbles, and mobile source emissions trading programs) and traditional regulations, however, use rate-based limits. Mass-based limits will tend to induce more innovation than rate-based limits, because they do not allow pollution levels to rise when production increases. Hence, the form of standards provides another potentially significant variable.
mass-based numerical limit on air pollution, as opposed to a "work practice" standard that dictates technological choice). 15 See Driesen, Dichotomy, supra note 2, at 334; Kerr & Newell, supra note 5, at 319 (relatively high-cost plants will have decreased incentives to adopt technology under a trading system). 7
A valid comparison between a trading program and a non-trading program should compare programs having emission limits of identical stringency and form. To isolate trading's effect on innovation, one has to ask whether an emissions trading program induces more innovation than a comparably designed traditional performance standard.
II. The Theoretical Claims
The induced innovation hypothesis suggests that emissions trading discourages innovation. Since it lowers the cost of routine compliance, it would seem to reduce the impetus to innovate. High costs encourage innovation, low costs discourage it. So, a trading program should produce less innovation than a comparably designed traditional regulation.
Oddly though, the economics literature on trading generally does not analyze the implications of the induced innovation hypothesis. I will first discuss the theory supporting the claim in the literature that emissions trading encourages innovation. I will then support my claim that trading discourages high cost innovation. Finally, I will discuss the more difficult claim, that traditional regulation might induce more low cost innovation than a comparably designed trading program.
A. The Existing Theory
It is common for the selection of the unit of analysis to influence results in economic theory and in other realms. This is certainly true of emissions trading.
Imagine an argument against emissions trading's capacity to stimulate innovation that went like this: In an emissions trading program, some polluters emit more than their allowable emissions; therefore, these polluters have less of an incentive to innovate than they would have under a traditional program and emissions trading decreases incentives to innovate. Let's assess this argument.
Well, emissions trading does provide an incentive for some polluters to emit more than they would under a traditional regulation. 15 But those polluters must pay other polluters to make extra emission reductions to make up the gap. Resting a model of emissions trading upon the experience of only half of the polluters (the buyers of credits) in the market skews the results. This model leaves the sellers of emission credits, who make extra reductions to sell to the buyers, out of the picture. It is obviously incomplete.
If we change the unit of analysis, we can flip this result. The argument would go like this: Polluters have an incentive to make extra emission reductions under emissions trading so that they can sell credits; 16 therefore, emissions trading stimulates innovation.
This model accurately explains the situation of sellers of credits. But it is also obviously incomplete. It leaves the buyers of credits out of the picture. While emissions trading encourages sellers to decrease emissions below the levels a comparable traditional regulation, trading encourages buyers to increase their emissions above what a traditional regulation allows.
The seller-based model, incomplete as it is, actually forms the theoretical predicate for the standard argument that emissions trading encourages innovation.
17 Basing an economic model only upon the seller's decrease of emissions amounts to treating emissions trading as a program that generates extra net emission reductions. If emissions trading did that, obviously it would create a greater net incentive for innovation. For stricter regulation demands more than laxer regulation and, therefore, heightens incentives for innovation. But an emissions trading program does not generate more net emissions reductions than a comparable traditional regulation.
If the market functions perfectly, then an emissions trading program produces precisely the same amount of reductions that a traditional regulation with the same emission limits would produce, no more and no less. 18 Emissions trading shifts emission reductions, concentrating the same number of reductions among the facilities with the lowest pollution reduction costs. 19 The right question is whether this shift of reductions from high-cost to low-cost facilities encourages innovation. ECON. 127, 128 (1996) (permits can create "inefficiencies with regard to innovation"). 9
the desire of some polluters to avoid otherwise required reductions generates the demand for "extra" emission decreases that drives emissions trading. In a real sense, emission increases (above otherwise required levels) finance emission decreases in an emissions trading program.
22
For the savings realized by not making expensive reductions at buyers' own facilities finance the purchase of credits that drives the market.
23
It is not clear why a measure that reduces innovation incentives for some facilities and increases them for others will lead to an increase in overall levels of innovation among facilities subject to a regulation. And the relevant question for public policy, of course, must address overall levels of innovation, not just of a chosen subset of facilities.
Economists have recently have begun to use Malueg's model to analyze emissions trading's influence upon technological change; and they acknowledge that Malueg's model casts doubt on the thesis that emissions trading without auctioned allowances encourages innovation. 24 The selection of a seller-based model would be systematically biased toward the position that emissions trading encourages innovation, just as the selection of a buyer-based model would be systematically biased toward the conclusion that emissions trading discourages innovation. Hence, economists are right to be giving increased attention to the Malueg 25 See Malloy, supra note 11, at 542-543; Driesen, Cheap Fix, supra note 2, at 42 (buyers will purchase cheap credits). 
B. Why Trading Discourages Costly Innovation
Emissions trading disfavors costly innovation. Emissions trading creates an incentive for a polluter facing high control cost to purchase credits that cost less than the cost of control at the buyer's facility. 25 Furthermore, the buyer has an incentive to purchase the cheapest credits possible. Knowing this, rational sellers will only generate credits that cost less to produce than: 1) the control cost of prospective buyers; and 2) credits with which the seller must compete. Emissions trading by lowering the cost of compliance, restricts the price range of innovations that are economically rational.
Thus trading rules out the purchase of credits generated by relatively expensive innovation (i.e. higher than the equilibrium price created in a trading regime). But that raises the question of whether expensive innovation is desirable. In answering that question, we should bear in mind that useful innovations often follow a path where they cost a lot at the outset, but the costs of using innovations fall as producers learn better production techniques and realize savings through economies of scale.
26 Thus, an expensive innovation might function as an investment in future cheap reductions. The emissions trading market does not encourage such investments because the buyer of credits chooses the cheapest current reductions, not considering societal cost savings in the future. Because today's luxury goods often become tomorrow's important technological advance (e.g. computers), this failure to stimulate advanced technologies may be detrimental in the long run. Furthermore, radical innovations, which might be expensive, offer a qualitative improvement that makes them quite worthwhile, even if they do cost more. Thus, for example, a technology that produces a whole raft of environmental benefits may prove valuable even if it does not offer the cheapest current method of obtaining the benefit sought by a targeted emissions trading program.
Innovations that decrease reliance upon fossil fuels offer both this qualitative superiority and the possibility of future cost savings. Renewable energy technologies have experienced rapid declines in prices as production has increased, even though they have never achieved the scale 27 See, e.g., CSD, supra note 26, at 4 (discussing declines in prices of solar photovoltaic modules); JAMES MCVEIGH ET AL., WINNER, LOSER, OR INNOCENT VICTIM?: HAS RENEWABLE ENERGY PERFORMED AS EXPECTED (Resources for the Future Discussion Paper 1999) . 28 See DRIESEN, supra note 5, at 34-35. 29 In fact, the case is not completely iron clad. The lead trading case may demonstrate that notwithstanding the drag trading may place on innovation, sufficiently stringent limits will force innovation if they cannot be met without it. If one reduces pollution to zero, innovation often must take place. While trading can retard the pace of innovation, as it did in the lead case, it will not prevent it. See Driesen, Dichotomy, supra note 2, at 317 n.131. 30 See Richard G. Newell et al., The Induced Innovation Hypothesis and Energy-Saving Technological Change, 114 Q. J. ECON. 941 (1999) . Cf. Malloy, supra note 11, at 546 (linking the induced innovation idea to the idea that traditional regulation may induce innovation) 11 that might facilitate really enormous reductions in price. 27 And renewable technologies promise relief not just from a particular air pollutant, but from a host of pollutants, associated destruction of land from drilling and mining, water pollution, and much else besides. 28 Yet, emissions trading tends to favor low-cost solutions, like better scrubbers and catalysts, to environmentally and economically superior solutions for the long haul.
C. Trading and Low-Cost Innovation
While the case against emissions trading as a method to stimulate expensive but potentially invaluable environmental innovation seems simple, irrefutable, and very strong, the question of whether it provides superior incentives for cost reducing innovation is more complex.
29 I now turn to that question.
The Theory of Trading
In theory, emissions trading may weaken net incentives for innovation. If a regulation allows facilities to use trading to meet standards, then the low-cost facilities will tend to provide more of the total reductions than they would provide under a comparable traditional regulation. Conversely, the high-cost facilities will tend to provide less of the total required reductions than they would under a comparable traditional regulation. One would expect the low-cost facilities to have a greater ability to provide reductions without substantial innovation than the high-cost facility. A high-cost facility may need to innovate to escape the high costs of routine compliance; the low-cost facility may have less of a need for this. The induced innovation hypothesis, widely employed by economists, suggests that high costs will spur, not deter, innovation.
30 So lowering the cost of routine compliance, through trading or otherwise, does not encourage innovation. Trading, by shifting reductions from high-cost to low-cost facilities, may lessen the net incentives for innovation. 31 See Malloy, supra note 11, at 537-38, 556. 32 See id. at 557; Jaffe et al., supra note 1, at 44 (discussing how uncertainties can lead to insufficient investment in innovation). 33 31 Investigation of innovation often involves substantial investment without certainty about pay-off. 32 Many companies' management structures further discourage environmental innovation because environmental projects must compete with other more favored projects for company resources needed to investigate and implement the innovation. When companies face either the impossibility of compliance without innovation or very high control costs, however, the environmental compliance division acquires some bargaining power to secure resources to investigate innovation. Absent such incentives, companies will tend to comply or over-comply through application of routine technology.
Some analysis of the low emissions vehicle (LEV) program, a regulatory program that several states have enacted to stimulate innovation and secure emission reductions from automobiles, illustrates the way emissions trading may decrease incentives for innovation. The program requires introduction of a fairly large number of vehicles that must meet emission standards that car manufacturers can realize with fairly modest technological improvements, such as introduction of very efficient catalysts. But the program also requires introduction of a small number of zero emission vehicles (ZEVs), most likely electric cars. 33 The automobile industry claims that the ZEVs will prove expensive to produce. One could, in theory, design a program that provides the same net emission reductions as the LEV program by requiring more widespread implementation of the emission reduction requirements other than the zero emissions mandate as the basis for a trading program. In the short run at least, this would produce, in theory, the same emission reductions for less cost. But the zero emissions mandate provides the incentive to develop new technologies that may revolutionize the environmental performance of automobiles over time and even lower long-term costs. 34 Hence, there is a tradeoff between the short term efficiency that emissions trading promotes and the desire to promote environmentally superior technological innovation.
Another example comes the use of international emissions trading programs to meet climate change goals. The European Union is adopting trading programs that may make it possible for electric utilities, significant sources of greenhouse gases, to claim credits undertaken abroad as a substitute for making reductions below current levels at home. imposed strict reduction requirements upon electric utilities, they might have to switch fuels in order to meet the requirements. They might need to switch from coal to natural gas to meet fairly stringent reduction targets and very strict standards might drive them toward innovative technologies, such as almost-zero polluting fuel cells and solar energy. 35 But trading may allow them to avoid significant changes. Utility operators may eschew expensive innovation to meet a strict reduction target at home in favor of upgrading a very dirty plant abroad with off-the-shelf technology at very modest cost, or better yet, claim credits for tree planting projects of uncertain benefit.
Some writers have suggested that emissions trading provides a continuing incentive to reduce "because the number of permits remain limited."
36 Hence, economic growth will increase the demand for permits, raise the price, and provide a greater incentive for polluters to reduce their emissions.
Limiting the number of permits does not create an incentive for continuous net emission reductions below the equilibrium level required by the program. Limiting the number of total permits without decreasing the amount of emissions the permits allow would involve tolerating increases in emissions attributable to economic growth to the extent that existing polluters generate compensating pollution reductions (credits). Net emissions would remain consistent with those authorized by the promulgated emission limits, but would not decrease below that level.
37
A legal rule limiting the number of permits creates incentives to avoid increases above the mandated level, whether or not the permits can be traded. The premise that a trading program limits the number of permits tacitly assumes that a legal rule prohibits the sources of additional pollution caused by economic growth from operating without purchased emission allowances. An argument that a trading program restrains growth in emissions from economic growth also requires an assumption that the trading regime imposes a cap on the mass of emissions of the sources within a trading program (as in the acid rain program). A program authorizing trading to meet rate-based emission limitations or allowing any pollution source to operate without purchased allowances would tolerate increases in emissions associated with economic growth 38 See Swift, supra note 3, at 18 (explaining that emission rates do not necessarily prevent increases in the mass of emissions). 39 The traditional program would simply duplicate the assumptions implicit in the trading model Tripp and Dudek tacitly advance. The government would set mass based emission limitations for pollution sources, something that must occur in the trading program as well. The same background legal rule would apply prohibiting the government from granting permits to new sources of emissions. 40 See, e.g. Reynolds Metal Co. v. E.P.A, 760 F.2d 549, 559 n.14 (4th Cir. 1985) (discussing EPA's promulgation of mass-based standards for total toxic organics (TTO) for the can-making industry); Citizens for a Better Environment-California v. Union Oil Co. of California, 861 F. Supp. 889, 895 (N.D.Cal.1994 ) (discussing mass-based limits on the amount of selenium that refineries could discharge). 14 without demanding compensating credits.
38 So even the modest argument that trading can restrain growth in emissions applies only to a particular idealized trading program, not emissions trading in general.
A traditional regulatory program that prohibits economic growth from creating additional emissions would, in theory, also provide a continuing incentive to avoid net emission increases in response to economic growth. 39 Of course, traditional regulations can limit pollution by mass rather than by rate, and sometimes has. 40 Hence, traditional regulation and emissions trading based on rates fail to constrain emissions in the face of growth in production, but limits on mass, whether expressed in performance standards or tradable allowances, may constrain emissions in the face of growth. A legal rule prohibiting all non-permitted emissions would improve the environmental performance of either an emissions trading scheme or traditional regulation. But even an idealized emissions trading program does not provide a more continuous incentive for pollution reduction than a comparable traditional regulation.
One might support the idea that trading provides superior incentives for innovation by pointing out that once a planned reduction goal is met, the government can always set another more ambitious reduction goal. If the government could be counted on to continuously revise standards, then a continuous incentive to reduce would exist. But notice that this would be true whether or not the government authorized trading as the means of meeting the continuously revised goal. Even without trading, a government program that could be reliably counted upon to makes its requirements more stringent would provide an incentive for continuous reductions.
But a major critique of traditional regulation holds that it fails to provide an incentive for continuous environmental improvement, precisely because the government cannot be depended upon to strengthen standards in a predictable manner. Problems of complexity, uncertainty, and delay prevent regulators from predictably tightening limits. These problems limit traditional regulation's ability to stimulate innovation. Does emissions trading overcome this problem?
The answer seems to be no. 53-55 (1997) . 49 See, e.g., Brian Doherty, Selling Air Pollution, 28 REASON 32 (1996) (discussing vigorous industry efforts to influences baselines for California's Reclaim program, a leading emissions trading effort). 16 pollutants both through emissions trading 45 and through standard setting. 46 The scarcity of congressional time may limit the frequency of congressional mandates. 47 However, congressionally set limits have often fared relatively well and should be pursued. 48 Yet the advantages of specific quantitative congressional decisionmaking occur whether or not pollution sources may use trading as a means to comply with the limits.
Hence, the intuition that trading programs are easier to establish and change than traditional programs rests upon confusion of institutional choice with instrumental choice. Administrators establishing trading programs face many of the same problems that have interfered with efforts to make non-trading programs predictable stimulants of continuous innovation. And Congress, to the extent it avoids political paralysis, can overcome these problems with either trading or non-trading programs.
Some analysts believe that trading programs may prove easier to establish, because lowered cost will translate into lowered polluter resistance. But polluters with high local pollution control costs may not have information about lower cost options at other facilities, and may therefore fight just as hard as ever. Much will depend, however, upon political circumstances. Polluters will lobby if the potential gains from doing so make it worthwhile, regardless of whether the potential maximum loss has diminished. Often, even if polluters anticipate fully the reduced cost from trading, potential gains from avoiding limits or weakening them may often provide sufficient incentives for vigorous advocacy sufficient to stall progress. 49 Certainly, no rule exists that trading automatically leads to tightened limits.
In any case, most claims that trading encourages innovation have not relied upon political economy arguments hypothesizing tighter limits. Rather, they have rested upon inherent characteristics of trading that apply even when they aim at identical limits to those used in a traditional regulation. Hence, this identical limits framework, putting political economy questions aside for the time being, is the framework employed here. Thomas, 805 F.2d 176, 184-85 (6th Cir. 1986) . 54 See Hahn & Stavins, supra note 1, at 5-6 ("A performance standard typically identifies a specific goal . . . and gives firms some latitude in meeting this target. These standards do not specify the means, and therefore, provide greater flexibility. . . ."); Stewart, supra note 9, at 1268 ("Performance standards allow regulated firms flexibility to select the least costly or least burdensome means of achieving compliance.") Cf. Stewart, supra note 1, at 158 ("Regulatory commands dictate specific behavior by each plant, facility, or product manufacturer . . . ."). INNOVATION 101 (1990) ; Malloy, supra note 11, at 546-547 & n.52 (performance standards have the express purpose of "encouraging innovation"). 56 See 42 U.
The Theory of Traditional Regulation: The Command and Control/Economic Incentive Dichotomy and the Law
LOUIS TORNATZKY & MITCHELL FLEISCHER, THE PROCESSES OF TECHNOLOGICAL
S.C. § § 7411(h)(1); 7412(d)(2)(D), (h)(1)-(2), (h)(4). 57 See 42 U.S.C. § §7412(h)(3); 7411(h)(3). 17
Most analysts employ a simplistic command and control/economic incentive dichotomy as a substitute for cogent analysis. They claim that traditional regulation discourages innovation. 50 Indeed, some of the less careful writing states that standard regulation prohibits innovation. 51 If this were true, emissions trading obviously would encourage innovation better than traditional regulation.
While the claim that traditional regulation often does not stimulate innovation has great merit, the view that it prohibits or blocks innovation altogether involves gross exaggeration and some significant misunderstandings.
52 These misunderstandings interfere with sound comparison of traditional regulation with emissions trading.
Environmental statutes usually encourage performance standards--a form of a standard that specifies a level of environmental performance 53 rather than the use of a particular technique. 54 Performance standards may encourage innovation by allowing polluters to choose how to comply.
55
Many statutory provisions severely restrict EPA's authority to specify mandatory compliance methods, often by requiring a performance standard unless EPA finds that one cannot measure emissions directly to determine compliance. 56 Even when the statutes permit work practice standards or other types of standards that do command specific control techniques, the statutes often require EPA to approve adequately demonstrated alternatives.
57
This predominance of performance-based standards over command-and-control regulation exists regardless of the criteria used to determine the standards' stringency. Statutory provisions requiring technology-based standards, for example, instruct implementing agencies to set standards that are achievable with either existing or, in some cases, future technology. 58 Hence, agency views concerning technological capability help determine the standards' stringency. 59 Owners of pollution sources may generally use any adequate technology they choose to comply with the performance standards that an agency has developed through the evaluation of a reference technology. 60 Professor Ackerman's detailed study of a particularly controversial new source performance standard (NSPS) under the 1977 Clean Air Act (CAA) Amendments may have indirectly contributed to frequent characterization of technology-based standards as "command and control" regulation. 61 Economists accustomed to a static framework of analysis read Professor Ackerman's statements that this NSPS involved "forced scrubbing" as indicating that "technology-based standards identify particular equipment that must be used to comply with the regulation." 62 This NSPS, however, allowed utilities to meet their emission limitations through innovative means, although it precluded complete reliance upon techniques that could not meet the emission limitations.
This NSPS limited sulfur dioxide emissions to 1.2 pounds (lbs.) per million British thermal units (MBtu). 63 It also required a 90% reduction from uncontrolled levels except for plants emitting less than 0.6 lbs./MBtu. These cleaner plants needed only to meet a 70% reduction requirement. Nothing in the regulation specifically required any particular technology, such as wet scrubbing. Indeed, EPA specifically designed the regulation to leave open opportunities for plants to meet the standards through dry scrubbing and other alternatives that EPA regarded as somewhat experimental. 64 Technology-Based Regulation, 1991 DUKE L.J. 729, 748-49 (1991 ("[E] missions trading and pollution taxes require inspectors to monitor constantly the amount of pollution that a plant emits."); Stewart, supra note 1, at 161, 166. 19 completely new approach that met these standards, the utility could use it.
Operators probably could not meet this standard solely through the use of coal washing, because coal washing, which was not a new innovation at the time, probably could not produce a 70% reduction by itself. 65 Reading Professor Ackerman's reference to the NSPS as a standard based on "full scrubbing" to indicate that the NSPS precluded subsequent innovations meeting the numerical standards would involve technical misunderstanding of the regulation. The U.S. Court of Appeals for the District of Columbia Circuit explained in reviewing this NSPS that "given the present state of pollution control technology, utilities will have to employ some form of . . . scrubbing."
66 This necessarily implies that if utilities can develop a new technology that meets the required emission limit, nothing in the regulation precludes its use, a conclusion that necessarily flows from the numerical limits stated in the standard in any case.
This error reflects a habit of thinking in static terms. Thinking in more dynamic terms about the possibility of new technology makes it impossible to equate the NSPS Ackerman studies with specification of a technology.
A static frame of reference has frequently led to characterization of technology-based regulation as "command-and-control" regulation. This term is misleading, except as applied to the relatively rare standards that actually specify techniques rather than just performance levels.
Moreover, emissions trading cannot substitute for true command-and-control regulation, regulation that requires specific techniques. 67 The law only authorizes command-and-control regulation when measurement of emissions is impossible. Trading, however, relies upon good monitoring.
68 When good measurement proves impossible, trading will not succeed. The incorrect suggestion that traditional regulation generally requires government-chosen technology would lead to a conclusion that traditional regulation legally forbids innovation. But some have made more subtle incentive-based arguments for characterizing traditional regulation as discouraging innovation. 69 Stewart, supra note 9, at 1269. 70 Driesen, Dichotomy, supra note 2, at 302 n.65; Nicholas A. Ashford & George R. Heaton Jr., Regulation and Technological Innovation in the Chemical Industry, 46 LAW & CONTEMP. PROBS., 109, 139-40 (1983) . 71 See Jaffe et al., supra note 1, at 55 (because of a "paucity of available data," there has been "exceptionally little empirical analysis" of instrument choice's effect upon innovation.); Malloy, supra note 11, at 547 (empirical evidence provides "inconclusive evidence of significant environmental innovation under existing trading programs.") 20
The fundamental notion that economic incentives are powerful would suggest that polluters have substantial economic incentives to use the flexibility that performance standards offer to employ innovative means of meeting emission limitations that are less costly than traditional compliance methods. Such use of innovations saves polluters money. This incentive exists even for technology-based performance standards that did not contemplate the innovative compliance mechanism a polluter discovers.
Professor Richard Stewart of New York University, however, has stated that polluters have "strong incentives to adopt the particular technology underlying" a technology-based performance standard because "its use will readily persuade regulators of compliance."
69 He does not explain why this countervailing persuasion incentive would overcome the economic incentive to realize savings through an effective and cheaper innovation, even if the persuasiveness incentive were powerful. Polluters, after all, have a number of means of persuading regulators that their innovations perform adequately if they in fact do so. First, polluters may monitor their pollution directly to demonstrate compliance. Second, in some cases polluters may eliminate regulated chemicals, which certainly demonstrates compliance. Traditional regulation offers ample incentives for pollution prevention eliminating chemicals or reducing them below regulatory thresholds, because of the substantial savings involved. While the uncertainty of innovation's outcome may discourage innovation under traditional regulation, in spite of opportunities for cost savings, it may do the same thing with respect to emissions trading, in spite of the opportunity for some profits from "extra" reductions.
In any case, neither Professor Stewart nor anybody else has come forward with empirical evidence that polluters with compliant and cheap innovations have failed to employ them because of fears of permitting difficulties under a performance standard.
70 Indeed, as we shall see, the empirical record shows that at least on some occasions, this negative incentive, if it exists, has been overcome.
III. Empirical Evidence
The literature, however, gives the impression that solid empirical proof supports emissions trading's superiority in stimulating innovation. The literature discusses two types of evidence, both surprisingly thin:
71 Evidence that traditional regulation does not simulate innovation and evidence that emissions trading does. In fact, what the literature shows is something much less dramatic, that both trading and traditional regulation sometimes stimulate 85 See RICHARD A. LIROFF, AIR POLLUTION OFFSETS: TRADING SELLING AND BANKING 28-29 (1980) (noting the need to avoid "paper offsets," reductions in emissions that exist only on paper). See generally Dudek & Palmisano, supra note 1, at 236-237 (noting that emissions trading has been the "harbinger of bad news"). 86 For example, when EPA and its California counterpart inspected plants to verify compliance with bubble regulations for the aerospace industry in the late 1980s, they found that "almost all large sources operating under . . . BUBBLE 80-89 (1986) (examples of bubbles that avoided requirements to reduce actual emission levels). Hahn and Hester have concluded that emissions trading (defined to include bubbling and netting) has had "a negligible effect on environmental quality." Hahn & Hester, supra note 50, at 137. They do not, however, base this assertion on empirical data. Rather, they rely "on the fact that the rules governing the various trading programs contain prohibitions against trades that would result in significant increases in emissions." Id. at 137 n.146. They do not explain the basis for their belief that these rules are adequate and the implicit assumption that they have been regularly and correctly enforced. In any case, subsequent experience suggests they have not prevented abuse. 87 Dr. Liroff provides many examples of these bubbles. See LIROFF, supra note 86, at 62-67, 89-91. 88 See ID. at 37-38 (describing genesis of the bubble idea in the steel industry).
89 ID. at 100 (most "innovations"under bubbles are merely rearrangements of conventional technologies). 90 See ID. at 99 ("cost saving approaches are not necessarily more cost-effective ways of meeting a goal, instead, they may be ways to avoid costs that may be necessary to meet the goal"); Richard A. Liroff, Point and Counterpoint: The Bubble: Will it Float Free or Deflate, 4 ENVTL. F. 28, 30 (Mar. 1986 ) (stating that a compliance method that relaxes regulatory requirements at some points without compensating reductions may be more prevalent than 23 bubbles have spurred adequate environmental performance. 85 The few studies of bubble implementation reveal that polluters often could not document claims that they had made required emission reductions. 86 Where polluters could verify claimed reductions, they often involved using credits from activities that would have occurred anyway to justify escape from pollution reduction obligations that would have otherwise generated additional pollution reductions. 87 Hence, gaming has been a problem. EPA introduced bubbles primarily as deregulatory mechanisms 88 and they have often stimulated neither innovation nor adequate environmental performance at a cheaper price. 89 Rather, they have generated cost savings for industry, often by allowing unverifiable claims of compliance and paper credits to substitute for actual emission reductions and by reducing pollution reduction demands. 92 The introduction of inter-refinery trading into the lead phasedown program probably slowed the pace of environmental improvement. EPA's 1985 trading rule actually led to increased production of leaded gasoline in 1985 (rather than purely unleaded) because the rule allowed increased production of low lead gasoline to generate credits. See Regulation of Fuels and Fuel Additives; Banking of Lead Rights, 50 Fed. Reg. 13116, 13119 (Apr. 2, 1985) ; Hahn & Hester, supra note 91, at 382 n.125; U.S. GENERAL ACCOUNTING OFFICE, VEHICLE EMISSIONS: EPA PROGRAM TO ASSIST LEADED-GASOLINE PRODUCERS 20 (1986) [hereinafter GAO, VEHICLE EMISSIONS]. EPA's 1985 lead trading rule supplanted a rule that required refiners to meet a standard of 1.1 grams of lead per leaded gallon, effective January 1, 1986. 50 Fed. Reg. at 13116. The 1985 trading rule allowed refiners that banked purchased credits to continue exceeding these limits through the end of 1987. 50 Fed. Reg. at 13177, 13127 (codified at 40 C.F.R. §80.20(e)(2)). Furthermore, in actual implementation inadequate reporting, compliance verification, and enforcement may have marred environmental performance. See GAO, [18] [19] [23] [24] (citing failure to enforce against 25 potential violators, 49 cases of claimed credits not matching claimed sales of credits, error rates in reporting between 14% and 49.2% and no verification of compliance). Cf. Hahn & Hester, supra note 91, at 388, n.146 . 24
Lead Phase-Down: A Stringent Limitation Driving Substantial Change
EPA allowed gasoline producers to trade lead allowances during a phase-down of lead from gasoline. 91 The lead phase-down did create a substantial change, the reformulation and then virtual elimination of leaded gasoline. But the driver for this achievement seems to be the underlying requirement of a phase-down of lead. Faithful implementation of a traditional phasedown without trading would probably have produced the same change more quickly. 92 Indeed, in a very sophisticated empirical analysis of the lead trading program employing the Malueg model, economists Suzi Kerr and Richard Newell conclude that "increased 93 See Kerr & Newell, supra note 5, at 320 (emphasis added). 94 Id. at 320. 95 See, e.g., Byron Swift, Command without Control: Why Cap-and-Trade Should Replace Rate Standards for Regional Pollutants, 31 ELR 10330 (Mar. 2001) . 96 Id. at 10331. 97 Swift does claim that trading was essential to two technologies. Id. at 10338. One of those "technologies," trading, is a transaction, not a technology. He does not claim that the other technology, power shifting, is an innovation. Indeed, the shifting of dispatch orders to use cleaner units more intensively than dirty units is a well-understood operational option. 98 See generally Malloy, supra note 11, at 548-49 (discussing debate about innovation under the acid rain program). 99 Other papers also employ very broad definitions of innovation and stop short of attributing the observed "innovations" to trading alone. Phase one of the acid rain trading program has produced some changes in scrubber technology, operational methods, and the use of cleaner coal, which some analysts described as innovations. 95 But at the time that scholars began citing the acid rain programs stimulation of these methods as evidence that trading stimulates innovation, only 3 of 51 firms used interfacility trading to meet their reduction obligations (although 30 of the 51 did use some intrafacility averaging).
96 So, analysts should have hesitate to ascribe those results to trading. Byron Swift of the Environmental Law Institute has claimed that EPA's old rate-based standards would not have permitted some of the innovations he identified, but he admits that a mass-based program without trading would have allowed most of the technologies he identifies as innovations.
97
As a general matter, it's hard to consider coal scrubbing, use of low sulfur coal, or dispatch orders favoring cleaner units as innovations, since all of these techniques have been well understood options for many years.
98 Nevertheless, some of the improvements in scrubbing have received patents, which suggests that they might qualify as genuine innovations. laying track and changing the size of trains (to deliver low sulfur coal) as innovations. See id. at 19. He makes no effort to determine whether the minority of firms engaged in trading employed these "innovations" more vigorously than firms that simply complied as if this were a standard technology-based performance standard expressed as a mass-based limit. The paper's conclusion, consistent with the limitations of this mode of study, does not claim that emissions trading induced innovation. Instead, he claims that the acid rain program contributes to the employment of innovation. See id. at 18. But this simply begs the question of whether a massbased program with the same limits and no trading would induce as much or more innovation. PROGRAM 130 (2000) . 26
But the most detailed study available comparing innovation in sulfur dioxide control technology before and after the acid rain program has concluded that "the history of innovation in SO 2 control technology does not support" trading's superiority in inducing innovation. 100 Similarly, David Popp of the Maxwell School of Citizenship finds that both the acid rain program and prior traditional regulation encouraged the patenting of new technology.
101 Indeed, he shows that there was more patenting of new environmental technologies prior to the introduction of the acid rain program. He states, however, that the programs created different types of technological incentives: the traditional program led to innovations reducing the cost of scrubbing, while the trading program produced patents improving pollution control characteristics. Yet this very useful research stops short of proving even the limited proposition that trading changes the type of innovation. For the non-trading programs that limited sulfur dioxide emissions prior to 1990 have much laxer limits and a different form of limits than the trading program enacted in the 1990 Amendments to the CAA. These differences, rather than the trading, may account for the observed difference.
In any case, so far the acid rain program has not produced significant diffusion or creation of much cleaner technologies, such as natural gas power plants or renewable energy, nor has it resulted in really path breaking radical innovation (such as new designs for fuel cells).
102
This suggests that something other than the mere existence of a trading program may be important to stimulating meaningful innovation. WITH INNOVATION 26-27 (2002) . 107 See id. at 21, 27 (relying upon design variables other than the trading possibility to explain the innovation). 27 under heavy fire for reasons of environmental justice and for poor environmental performance.
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Facilities have primarily relied upon tried and true control technologies in many of these programs. For example, the regional trading program for nitrogen oxide emission reductions EPA organized to aid state attainment of the old ozone standard produced a large number of orders for selective catalytic reduction technologies.
104 But some sources have relied on less conventional techniques, such as ThermaloNO x, rotating overfired air, and reburn technology. And many RECLAIM sources have relied upon junking of old cars, which seems imaginative, but hardly constitutes an advanced innovative technology and creates fraud problems. 105 EPA's evaluation of RECLAIM states that most sources relied upon conventional off-the-shelf technology, but a few used innovative compliance methods.
106 Since very few sources generated credits through over-compliance to sell into the market, we do not know whether it is correct to ascribe the innovation that did occur under the RECLAIM program to the program's authorization of emissions trading.
C. A Summary of the Empirical Record
I provide all of this evidence to support a very modest assertion: Both traditional regulation and trading often failed to produce innovation, but sometimes succeeded. I do not claim that traditional regulation is free from design flaws or gaming. Nor do I claim that all trading programs are bad. I have offered extensive treatment of a variety of trading programs only to cure a tendency to compare the best trading program we have ever had, the acid rain program, to negative stereotypes about traditional regulation. The proper analysis compares a 108 See Taylor, Rubin, and Hounshell, supra note 100, at 369 (most improvement in sulfur dioxide control efficiency occurred before the 1990 Amendments). 28 trading program to a traditional regulation with equivalent emission limits.
IV. Implications
Emissions trading obviously does nothing to encourage expensive innovation--even innovation that would produce long-term efficiency and enormous environmental improvement. Nor does either the empirical record or sound economic theory strongly support a milder conclusion, that emissions trading does a better job of encouraging relatively cheap innovation. Under traditional regulation, the high cost sources have an incentive to adopt any innovation promising compliance for less cost than its relatively high cost of control. Under emissions trading, only innovations costing less than the marginal cost of additional reductions at facilities with relatively low control costs can find a market. Thus, trading discourages innovation by lowering the price at which innovation will become economically viable.
A. A Research Agenda
I would argue that we need more research on the topic. Malueg's model and David Popp's empirical work suggest a milder hypothesis than a generic assertion of trading's superiority in encouraging innovation: The hypothesis that trading may change the type of innovation rather than the amount. The low cost sources under trading have an incentive to generate extra emission reductions. High cost sources under comparable traditional regulation face incentives to adopt innovations that save them money, but not necessarily innovations that increase control efficiency. So, polluters may have better incentives to innovate to increase control efficiency under a trading regime than under traditional regulation, even if overall incentives for maximizing the number of innovations have declined.
A recent empirical analysis, however, concludes that more innovation in improving environmental performance occurred prior to the acid rain program.
108 Several reasons exist to doubt even Popp's milder thesis. First, emissions trading creates enormous opportunities to use a very wide variety of traditional technologies to generate credits while avoiding the uncertainty involved in innovation. These opportunities may weaken incentives for innovations with greater control efficiencies. Traditional technologies typically provide excess reductions under traditional regulation because sources need to make sure that they remain in continuous compliance. Under trading, polluters using conventional techniques will sell some of this surplus, thus lessening any demand for innovation. Furthermore, trading provides opportunities to engage in minor non-innovative tweaking of operating conditions to generate excess emission reductions. An example involves using dispatch orders from electric utilities to use cleaner units more extensively. This is hardly innovative, but it does realize some extra emission reductions. Trading might well provide good incentives to seize non-innovative (i.e. obvious) pollution prevention opportunities that provide a small quantity of emission reductions. Finally, the flexibility for trading may invite use of traditional technologies with relatively weak environmental performance because every increment has some value. An example involves the use of low sulfur coal in the acid rain program. Second, by weakening incentives for cost reducing innovation at high cost facilities, trading may indirectly limit innovations that will produce higher control efficiencies. Facilities whose high costs come from exceptionally dirty processes may adopt new technologies just to meet (not exceed) emission limits at their own facilities, but these same technologies may provide superior environmental performance at cleaner facilities. And new ideas pursued to lower costs may lead to ideas for greater pollution control. For a variety of reasons, the hypothesis that emissions trading may systematically change the type of innovation induced in a desirable manner might not stand.
This much milder claim about the nature of innovation, however, stands on firmer ground than the traditional claim that emissions trading spurs more innovation than traditional regulation. It certainly merits further research and exploration. Even if trading turns out to have some innovation stimulating advantages, trading's clear inferiority in spurring initially expensive, but environmentally excellent innovation stands as a significant problem.
The framework for analysis that I have offered points the way toward a research agenda to explore both Popp's claims about the nature of innovation under trading and more general claims about low cost trading. I have pointed out that when innovation occurs in conjunction with the trading program, it is very hard to figure out whether the trading or some other feature of the program explains the observed increase in innovation. Since empirical analysis shows that stringent traditional regulation has encouraged innovation, it is possible that when we see innovation in a trading program, stringent underlying emission limits, not the trading itself, explain the observed results. The proper way to test this involves comparing trading programs based on a set of limits to a non-trading performance standard based on the same limits. Some of the analysis of the acid rain program above applies this approach to the acid rain program, relying primarily on Byron Swift's analysis. It may appear, however, that this poses an impossible challenge for empirical research, since two identical programs may not exist in the real world.
It is possible, however, to find this situation in the real world. Existing analysis reaches conclusions about innovation by examining compliance choices of pollution sources subject to trading programs, whether or not they actually trade. But a pollution source that does not buy or sell credits has innovated or failed to innovate because of the underlying requirement for reductions, not because of the incentives provided by trading. Researchers might compare the compliance strategies of facilities earning extra credits or buying credits that they eventually sell in a trading program to the strategies of firms subject to the same program rules that opt for local compliance without trading. The trading sources (both buyers and sellers of credits) should reflect the incentives trading provides, whereas the non-traders choices should provide some information about how a performance standard without trading would influence compliance choices. In this way, we might be able to reach more convincing conclusions about innovation and trading than we have to date.
B. The Importance of Design
Framing the question of whether trading improves innovation as requiring a comparison 109 Cf. Kerr & Newell, supra note 5, at 320 (explaining that stringency induced innovation in the lead program). 110 See Swift, supra note 145; DRIESEN, supra note 8, at [193] [194] [195] [196] [197] . 111 See DRIESEN, supra note 8. 112 See, e.g., Jaffe et al., supra note 1, at 49. with an identical performance standard without trading yields important insights. Since both trading and traditional regulation sometimes stimulates innovation and sometimes does not, some factors besides instrument choice must influence the degree of innovation. This Article has already suggested that the stringency of limits has a large influence. 109 In the Economic Dynamics of Environmental Law, I explain that the form of emission limits matters as well (building on work by Byron Swift on mass-based limits). 110 One would expect that a program with mass-based limits and relatively stringent targets would produce more innovation than a rate-based program with lax limits, whether or not trading was used. In spite of widespread recognition that good monitoring is essential to trading, EPA has allowed states to continue programs that do not feature continuous monitoring. Such programs tend to produce no innovation and usually fail to produce contemplated environmental improvements. The literature's preoccupation with a simplistic and misleading command and control/economic incentive dichotomy has led to a failure to adequately address crucial design issues. Design considerations such as stringency and the existence of adequate monitoring may matter even more than the choice between trading and non-trading programs.
C. Broader Theoretical Implications
The significance of emissions trading's inferiority in stimulating innovation (especially expensive innovation) depends upon the value of innovation relative to other factors. Emissions trading retains significant cost saving advantages over traditional regulation, something that regulators will take into account. My Economic Dynamics book explains why innovation deserves more emphasis than it has received, especially with respect to environmental problems difficult to reverse. 111 Leading economists agree that the development and spread of new technologies "may, in the long run" play a major role in determining the "success or failure of environmental protection efforts."
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While this article has focused primarily upon a comparison between traditional regulation and emissions trading, a more interesting point may be that both have significant shortcomings in stimulating innovations, especially radical innovation. Neither mediocre regulation nor most emissions trading programs do very well in stimulating radical innovation. They both depend upon government standard setting, which tends toward demands unlikely to disrupt the status quo. Pollution taxes would suffer from the same problem. 113 Recognizing the weaknesses of
